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The emergence of SARS-CoV-2 variants calls for continuous monitoring of vaccine effectiveness (VE). We
estimated the absolute effectiveness of complete 2-dose primary vaccination and booster vaccination
with COVID-19 mRNA vaccines, and the duration of protection against Delta and Omicron BA.1 symp-
tomatic infection and severe outcomes. French residents aged �50 years, who presented with SARS-
CoV-2-like symptoms and tested for SARS-CoV-2 between June 6, 2021 and February 10, 2022 were
included. A test-negative study was conducted to estimate VE against symptomatic infection, using con-
ditional logistic regression models. Cox proportional hazard regressions were performed to assess addi-
tional protection against severe COVID-19 outcomes (any hospitalization, and intensive care units [ICU]
admission or in-hospital death). In total, 273 732 cases and 735 919 controls were included. VE against
symptomatic infection after 2-doses vaccination was 86% (95% CI: 75–92%) for Delta and 70% (58–79%)
for Omicron, 7–30 days post vaccination. Protection waned over time, reaching 60% (57–63%) against
Delta and 20% (16.–24%) for Omicron BA.1 > 120 days after vaccination. The booster dose fully restored
protection against symtpomatic Delta infection (95% [81–99%]) but only partially against symptomatic
Omicron BA.1 infection (63% [59–67%]). VE against Delta-related severe outcomes was above 95% with
2 doses, and persisted for at least four months. Protection against any Omicron BA.1-hospitalization
was 92% (65%-99%) at 8–30 days, and 82% (67%-91%) > 120 days from the second dose. Against BA.1
ICU admission or in-patient death, VE stood at 98% (0–100%) at 8–30 days, and was 90% (40–99%) > 120
days from the second dose. Protection confered by mRNA vaccines against severe disease caused by either
Delta or Omicron BA.1 appeared high and sustained over time. Protection against symptomatic diseases
after 2 doses decreased rapidly, especially against Omicron BA.1. A booster dose restored high protection
against Delta but only a partial one against Omicron BA.1.
� 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
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1. Introduction

From the end of 2020, one year following the emergence of the
SARS-CoV-2 virus, causative agent of the COVID-19 disease, several
vaccines targeted against the original SARS-CoV-2 strain were
made available. These vaccines served to implement worldwide
national mass vaccination campaigns, as a key strategy to mitigate
the COVID-19 pandemic. Real-world setting studies performed,
fewmonths into vaccination campaigns, showed high effectiveness
of these vaccines [1–8]. However, as vaccination campaigns pro-
gressed, additional vaccine effectiveness (VE) studies revealed
waning of the vaccine-induced protection over time [8–13], more
so against symptomatic infection than against severe COVID-19
disease [14].

Due to the continued widespread and genetic evolution of the
SARS-CoV-2 virus new viral variants emerged, notably the variant
Delta in mid 2021 and the variant Omicron in late 2021. The Delta
variant was characterized by its higher transmissibility and sever-
ity compared to the previously circulating strains [15,16] and Omi-
cron showed very high transmissibility but lower severity [17].
Real-word VE studies published during the periods of circulation
of these two variants showed differences in vaccine-induced pro-
tection against Delta and Omicron variants-related infections, with
less protection against Omicron than Delta [18–22].

In France, the COVID-19 vaccination campaign started in
December 27, 2020 with the rollout of the Pfizer/BioNTech
BNT162b2 and Moderna mRNA-1273 vaccines, which had received
emergency use authorisations by the European Medicines Agency.
The vaccines were distributed at first to those most likely to
develop severe COVID-19 disease such as the elderly population
(people aged �75 years old), residents of nursing homes and
long-term care facilities, people with chronic conditions, and
healthcare workers. The campaign gradually opened up to people
aged 50 years and older, first with comorbidities, in February 19,
2021, and was extended to all adults by mid-May 2021 and to
children �12 years old in mid-June 2021. The Oxford/AstraZeneca
ChAdOx1-S vaccine became available in February 2021 but was
restricted to �55 years old individuals from March 19, 2021, sim-
ilarly to the Johnson & Johnson Ad26.COV2.S vaccine which
became available from April 24, 2021. The country faced two large
epidemic waves caused by the Delta variant between June and
December 2021, followed by a third wave due to the Omicron vari-
ant which peaked in January 2022. To date, only a few studies
[12,23,24] have reported on the protection afforded by vaccines
in the French population, especially among the most at risk of sev-
ere COVID-19 disease. This observational study provides additional
insights on vaccine protection provided by the COVID-19 mRNA
vaccines Pfizer-BioNTech BNT162b2, and Moderna mRNA-1273
through the Delta- and Omicron BA.1-driven epidemic waves
among immunocompetents adults 50 years and older, in France.
2. Materials and methods

2.1. Study design

This retrospective observational study was conducted between
June 6, 2021 and February 10, 2022. During this period, France
experienced three pandemic waves caused by the variants Delta
(B.1.617.2) and Omicron (B.1.1.529), mainly its sub-lineage BA.1.
The analysis relied on two complementary studies. First, a case-
control study, based on the test-negative-design (TND), was imple-
mented to estimate the risk (expressed as odds ratio) of developing
a symptomatic SARS-CoV-2 infection, according to the vaccination
status of participants. Individuals with self-declared COVID-19-like
symptoms at sampling, and a SARS-CoV-2 diagnostic test result
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available during the study period, were considered. Symptomatic
individuals with a positive SARS-CoV-2 reverse-transcriptase poly-
merase chain reaction (RT-PCR) were enrolled as cases, and those
with a negative SARS-CoV-2 RT-PCR test were considered as con-
trols. Second, a cohort study was implemented to estimate the risk
(expressed as hazard ratio) of developing severe COVID-19 out-
comes according to their vaccination status, among the symp-
tomatic SARS-CoV-2 positive cases identified in the TND study.

2.2. Data sources

Three health information systems available in France [12,15]
served as sources of data. These information systems were set up
in the context of the pandemic, and included:

(1) SI-DEP which records results of all SARS-CoV-2 tests (RT-
PCR, serologic, and antigen tests, excluding self-
administered tests) performed in France. For each test car-
ried out, regardless of the reason of testing (contact with
someone who has tested positive for SARS-CoV-2, routine
testing at work, etc. . .) and the testing site (hospital, phar-
macy, diagnostic laboratory, long term care facility, etc. . .),
the presence or absence (yes or no) of COVID-19-like symp-
toms is recorded. The database is intended to be exhaustive
with regards to SARS-CoV-2 testing.

(2) VAC-SI which provides information on the entire French
population regarding vaccination status, the type of vaccines
administered, vaccine brand name, number of doses admin-
istered, dates of the vaccine doses administered, and vaccine
priority status (presence of comorbidities, healthcare profes-
sionals or social workers, retirement homes residents); and

(3) SI-VIC which holds information on all hospital admissions
for COVID-19, the type of hospital admissions (conventional
wards, intensive care units [ICU]), and inpatient deaths
linked to COVID-19.

The three databases were linked using a unique personal iden-
tifying number (a pseudonym i.e. a character string constructed
through concatenation and encryption of individuals’s surname,
first name, sex and date of birth) found in each database.

2.3. Outcomes of interest

We evaluated the absolute VE of complete 2-dose primary vac-
cination and booster vaccination against Delta and Omicron BA.1-
related: (1) symptomatic infection through the TND study, and (2)
severe outcomes following a symptomatic infection through the
nested cohort studiy. Two levels of severity of COVID-19 disease
were examined: i) any hospitalization, and ii) ICU admissions or
in-hospital deaths.

2.4. Definition of vaccination status

By February 9, 2022, 71.1% of doses administered in
the �50 years old population represented the Pfizer-BioNTech
BNT162b2 vaccine; 16.8% were Moderna mRNA-1273; 10.7%
accounted for Astrazeneca ChAdOx1-S vaccine; and 1.4% repre-
sented Johnson & Johnson Ad26.COV2.S vaccine. The study focused
on mRNA vaccines, in the context of national vaccination guideli-
nes which recommended mRNA vaccines for the booster dose.

Vaccination status was defined, before onset of symptoms,
regarding the two mRNA COVID-19 vaccines namely Pfizer/BioN-
Tech BNT162b2 and Moderna mRNA-1273. Based on French rec-
ommendations, individuals were classified as: (1) unvaccinated,
(2) complete primary vaccination (if they had received two doses
of vaccine), and (3) complete primary vaccination plus one booster
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dose (if they had received complete primary vaccination and an
additional dose of vaccine). Vaccinated individuals were further
classified according to the time since the last vacine dose adminis-
tered, to assess waning over time.

2.5. Study period and study population

Individuals aged 50 years and above, with self-reported COVID-
19-like symptoms and SARS-CoV-2 RT-PCR tests recorded within
the period of June 6, 2021 and February 10, 2022 were considered.
Cases were defined as individuals with at least one SARS-CoV-2-
positive RT-PCR test, provided that the RT-PCR test was performed
within seven days following the onset of symptoms, or <10 days
after a positive antigenic test performed within seven days from
the onset of symptoms. Where an individual had more than one
positive RT-PCR test performed within the study period, the first
test meeting the inclusion criteria was retained for each case.
Negative tests recorded for cases during the study period were
excluded. Eligible controls were those with a negative SARS-CoV-
2 PCR test performed within the seven days following the onset
of symptoms, and neither preceded nor followed by a positive
RT-PCR test during the study period. The first negative test meeting
the inclusion criteria was considered for each control. These crite-
ria ensured that the same person could not be included as a case
and a control.

Indidivuals were retrieved in both SI-DEP and the VAC-SI regis-
ters, based on the following inclusion criteria: (i) presence of self-
reported COVID-19-like symptoms, (ii) absence of very-high-risk,
immunocompromising comorbidities, as previously described
[15], (iii) adherence to the case and control definition set above,
(iv) complete primary vaccination schedule with two doses of
mRNA vaccines, as defined by vaccination guidelines, and (v)
homologous vaccination schedules i.e. the administration of the
same vaccine, Pfizer-BioNTech BNT162b2 or Moderna mRNA-
1273, as 2-dose primary vaccination or 2-dose primary vaccination
and booster. The selection process of the studied population is
described in Fig. S1.

For the TND study, symptomatic RT-PCR positive individuals
(cases) were randomly matched to symptomatic RT-PCR negative
individuals (controls) with a ratio of up to five controls per case,
depending on the number of controls available. Matching criteria
included: the week of SARS-CoV-2 testing, the age (five-year age
brackets), and the area of residence (Public inter-municipal coop-
eration establishment/EPCI level). The cohort study focused on
symptomatic positive SARS-CoV-2 cases, identified in the TND
study, who were retrieved in SI-VIC with a COVID-19-related hos-
pitalization outcome of interest.

2.6. Characterization of variants

Variants were characterized using mutation screening; which is
performed with a multiplex RT-qPCR targeting a set of predefined
mutations associated with Delta and Omicron BA.1 variants. At the
time of the study, the presence of the mutation L452R was indica-
tive of the Delta variant; and the deletion 69–70 or mutations
N501Y, K417N, S371L-S373P or Q493R were indivative of the Omi-
cron BA.1 variant.

In absence of mutation screening results or where these results
were inconclusive, individuals were assigned to a SARS-CoV-2 vari-
ant based on the dominant variant at the time of SARS-CoV-2 test-
ing. The dominant variant was defined as the variant found at least
at a prevalence of 90% in weekly representative whole genome
sequencing (WGS) surveillance data available at both national
and regional level [25]. Based on WGS results, the period of domi-
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nance of Delta, at a national level, started on 07/06/2021 and ended
on 13/12/2021. Dominance of Omicron BA.1 started on
17/01/2022. The period between 13/12/2021 and 17/01/2022
was assigned to none of the two variants, as they co-circulated dur-
ing that time. Depending on the region and based on regional WGS
data, these periods of dominance of a variant shifted by one or two
weeks.
2.7. Statistical analysis

Data (jointure of SI-DEP, VAC-SI and SI-VIC) for analysis was
extracted on March 16, 2022. VE against symptomatic COVID-19
disease was estimated with a conditional logistic regression model,
with the status of the individuals (cases or control) as the depen-
dent variable and vaccination status as an independent variable.
The models included the variables age (as a continuous variable
modelled using multiple fractional polynomials), sex, type of resi-
dence, presence of at least one low or medium-risk comorbidity
(yes or no) [15], and healthcare professional status (yes or no) as
covariates. Low and medium-risk comorbidities included obesity,
diabetes, chronic renal failure, chronic obstructive pulmonary dis-
ease, respiratory failure, hypertension, and heart failure. VE was
estimated as (1 - odds of symptomatic positive SARS-CoV-2
test) � 100%.

Cox proportional hazard models were fitted to estimate the risk
of occurrence of the two severe COVID-19 outcomes (any hospital-
ization, and ICU admissions or in-hospital deaths) studied among
symptomatic SARS-CoV-2 positive cases. The follow-up period
started on the RT-PCR test date and stopped 21 days following
the index test; this represented the date of March 3, 2022 for those
included on the last day of the study period (February 10, 2022).
When the outcome occurred on the date of testing, the follow-up
period was considered equal to 0.5 days. The model was adjusted
for the same variables used in the conditional logistic regression
model described above. VE against severe COVID-19 disease was
deduced by combining the reduction in the odds of symptomatic
disease with the reduction in the risk of severe outcome among
cases, conferred by vaccination: [1 – (odds ratiosymptomatic disease-
� hazard ratio

hospitalization
)] � 100%. The Delta method was applied to

obtain two-sided 95% confidence intervals of the VE estimates.
VE was estimated according to the time elapsed since the last

vaccine dose administered: 15–28 days post first dose; 0–7, 8–
30, 31–60, 61–90, 91–120, and > 120 days post second dose; 0–7,
8–60, and 61–120 days post first booster dose. To account for the
time needed to mount a protective immune response, estimates
in the first two weeks after the first dose of vaccine were not con-
sidered. Additional subgroup analyses by age groups (50–79 years
and �80 years), and by variant (Delta and Omicron BA.1) were per-
formed. All analyses were conducted using R Version 4.04.
2.8. Ethical considerations

This study was conducted under the legal mandate of Santé
publique France, as the public health agency in France. The analy-
ses made use of pseudononymised data collected by the French
Ministry of Health through COVID-19 surveillance tools put in
place to manage and assess the toll of the COVID-19 epidemic on
the French population and monitor vaccination activities. The
pseudonymisation process ensures that personal data cannot be
linked to a specific individual without the use of additional data.
This process is done in accordance to French law and is compliant
to the provisions of the GDPR. In this context, ethical approval was
not required to perform this study.
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3. Results

3.1. Description of the study population

A total of 1 009 651 individuals 50 years and older was identi-
fied for the TND study. Among these individuals, 273 732 were
cases (48.4% (132 467) Delta, and 51.6% (141 265) Omicron BA.1)
Table 1
Characteristics of cases and controls at symptoms onset.

Variables Overall N = 1 009 6511

Age group
50–79 926 121 (91.7%)
�80 83 530 (8.3%)

Sex
Female 580 392 (57.5%)
Male 429 256 (42.5%)
Unknown 3 (0.0%)

Region
Auvergne-Rhône-Alpes 135 442(13.4%)
Bourgogne-Franche-Comté 39 987 (4.0%)
Bretagne 57 754 (5.7%)
Centre-Val de Loire 29 740 (2.9%)
Corse 4 252 (0.4%)
Grand Est 98 139 (9.7%)
Guadeloupe 1 095 (0.1%)
Guyane 1 755 (0.2%)
Hauts-de-France 61 409 (6.1%)
Île-de-France 132 426 (13.1%)
La Réunion 8 932 (0.9%)
Martinique 1 180 (0.1%)
Mayotte 74 (0.0%)
Normandie 48 325 (4.8%)
Nouvelle-Aquitaine 81 096 (8.0%)
Occitanie 112 782 (11.2%)
Pays de la Loire 54 295 (5.4%)
Provence-Alpes-Côte d’Azur 89 291 (8.8%)
Unknown 51 677 (5.1%)

Healthcare worker status
No 923 548 (91.5%)
Yes 51 194 (5.1%)
Unknown 34 909 (3.5%)

Type of residence
Individual housing 942 750 (93.4%)
Hospitalized 31 188 (3.1%)
Prison 210 (0.0%)
Nursing homes 11 231 (1.1%)
Unknown 24 272 (2.4%)

Presence of comorbidities*
No 688 915 (68.2%)
Yes 320 736 (31.8%)

SARS-CoV-2 variants
SARS-CoV-2–negative 735 919 (72.9%)
Delta 132 467 (13.1%)
Omicron BA.1 141 265 (14.0%)

Vaccination status & intervals between doses
Not vaccinated 350 697 (34.7%)
First dose 0–14 days 20 571 (2.0%)
First dose 15–28 days 15 493 (1.5%)
First dose > 28 days 39 703 (3.9%)
Second dose 0–7 days 6 928 (0.7%)
Second dose 8–30 days 20 476 (2%)
Second dose 31–60 days 29 413 (2.9%)
Second dose 61–90 days 29 810 (3.0%)
Second dose 91–120 days 38 345 (3.8%)
Second dose > 120 days 210 924 (20.9%)
Booster dose 0–7 days 27 168 (2.7%)
Booster dose 8–60 days 168 213 (16.7%)
Booster dose 61–120 days 45 976 (4.6%)
Booster dose > 120 days 5 934 (0.6%)

*: low and medium-risk morbidities include obesity, diabetes, chronic renal failure, chron
1 n (%).
2 Pearson’s Chi-squared test.
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and 735 919 were controls. Within the symptomatic SARS-CoV-2
cases, 7.5% were 80 years and older, 53.5% were females, 25.6%
had at least one comorbidity, and 20.9% were not vaccinated at
onset of symptoms. Among the symptomatic SARS-CoV-2 controls,
8.6% were 80 years and older, 59% were females, 34.1% had at least
one comorbidity, and 39.9% were not vaccinated at symptoms
onset. Further characteristic of the studied population are summa-
Cases N = 273 7321 Controls N = 735 9191 p-value2

<0.001
253 126 (92.5%) 672 995 (91.4%)
20 606 (7.5%) 62 924 (8.6%)

<0.001
146 540 (53.5%) 433 852 (59.0%)
127 192 (46.5%) 302 064 (41.0%)
0 (0.0%) 3 (0.0%)

<0.001
38 502 (14.1%) 96 940 (13.2%)
10 826 (4.0%) 29 161 (4.0%)
13 720 (5.0%) 44 034 (6.0%)
6 764 (2.5%) 22 976 (3.1%)
1 504.0 (0.5%) 2 748 (0.4%)
30 139.0 (11.0%) 68 000 (9.2%)
413 (0.2%) 682 (0.1%)
388 (0.1%) 1 367 (0.2%)
15 607 (5.7%) 45 802 (6.2%)
35 070 (12.8%) 97 356 (13.2%)
1 952 (0.7%) 6 980 (0.9%)
363 (0.1%) 817 (0.1%)
1 (0.0%) 73 (0.0%)
9 980 (3.6%) 38 345 (5.2%)
23 055 (8.4%) 58 041 (7.9%)
33 803 (12.3%) 78 979 (10.7%)
13 177 (4.8%) 41 118 (5.6%)
25 736 (9.4%) 63 555 (8.6%)
12 732 (4.7%) 38 945 (5.3%)

<0.001
251 142 (91.7%) 672 406 (91.4%)
11 910 (4.4%) 39 284 (5.3%)
10 680 (3.9%) 24 229 (3.3%)

<0.001
258 247 (94.3%) 684 503 (93.0%)
5 181 (1.9%) 26 007 (3.5%)
48 (0.0%) 162 (0.0%)
3 032 (1.1%) 8 199 (1.1%)
7 224 (2.6%) 17 048 (2.3%)

<0.001
203 616 (74.4%) 485 299 (65.9%)
70 116 (25.6%) 250 620 (34.1%)

<0.001
0 (0.0%) 735 919 (100.0%)
132 467 (48.4%) 0 (0.0%)
141 265 (51.6%) 0 (0.0%)

<0.001
57 271 (20.9%) 293 426 (39.9%)
3 507 (1.3%) 17 064 (2.3%)
1 894 (0.7%) 13 599 (1.8%)
10 056 (3.7%) 29 647 (4.0%)
1 437 (0.5%) 5 491 (0.7%)
3 161 (1.2%) 17 315 (2.4%)
6 789 (2.5%) 22 624 (3.1%)
8 282 (3.0%) 21 528 (2.9%)
12 903 (4.7%) 25 442 (3.5%)
89 668 (32.8%) 121 256 (16.5%)
10 629 (3.9%) 16 539 (2.2%)
48 384 (17.7%) 119 829 (16.3%)
16 818 (6.1%) 29 158.0 (4.0%)
2 933 (1.1%) 3 001 (0.4%)

ic obstructive pulmonary disease, respiratory failure, hypertension, and heart failure.
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rized in Table 1. The survival analysis considered 273 695 cases (37
cases were excluded due to inconsistent dates), among whom
34 442 (12.6%) had been hospitalized.
3.2. Vaccine effectiveness against symptomatic SARS-CoV-2 infection

Vaccine effectiveness against symptomatic SARS-CoV-2 infec-
tion of both mRNA vaccines (BNT162b2 and mRNA-1273) reached
high levels following completion of the primary vaccination sched-
ule. Adjusted VE against Delta reached 86% (95% confidence inter-
val (CI): 75�92%) within a month (8–30 days) after the second
dose of any mRNA vaccine. However protection waned over time
dropping to 78% (95% CI: 72�83%) at 31–60 days and subsequently
reaching 60% (57�63%) > 120 days after the second dose. Effective-
ness against Omicron BA.1 symptomatic infection was markedly
lower and waned faster in comparison to Delta. Protection against
this variant stood at 70% (95% CI: 58�79%) 8–30 days after the sec-
ond dose. The decline in VE accelerated from the third month of
receving the second dose of mRNA vaccine and reached 20% (95%
CI: 16�24%) > 120 days post second dose.

The booster dose was very effective at restoring immunity
against Delta; VE reached 95% (95% CI: 81�99%) at 8–60 days post
vaccination. However only partial restitution of protection against
Omicron BA.1 was noted: 63% (95% CI: 59�67%) at 8–60 days post
the booster dose. Morever while little waning of protection against
SARS-CoV-2 infection with Delta occurred following administra-
tion of the booster dose vaccine-induced protection against
Fig. 1. Vaccine effectiveness (all mRNA vaccines combined) against symptomatic COVI
hospital death) according to the number of doses received and the time since the last do
vaccine.
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SARS-CoV-2 infection with Omicron BA.1 decreased significantly
to 53% (49�58%) at 61–120 days following administration of the
booster dose (Fig. 1 and Table S1).
3.3. Vaccine effectiveness against hospitalizations for COVID-19

The survival analysis (Cox poportional hazard model) showed a
reduction in the relative risks for any hospitalization and ICU
admission or in-hospital death following symptomatic SARS-CoV-
2 infection; this reduction was particularly marked �30 days after
the second dose. At 31–60 days post second dose the risk of any
hospitalisation, and ICU admission or in-hospital death due to
Delta was significantly reduced to 0.14 (95% CI: 0.10–0.18) and
0.12 (95% CI: 0.08–0.19) respectively. Risk estimates against Omi-
cron BA.1 were 0.21 (95% CI: 0.14–0.32) for any hospitalization
and 0.16 (95% CI: 0.08–0.35) for ICU admission or in-hospital death
(Table S1). The adjusted VE against hospitalization which com-
bined the odds of developing a symptomatic SARS-CoV-2 infection
and the risk of hospitalization reached 97% (95% CI: 79�100%)
against any hospitalization and 97% (95% CI: 45�100%) against
ICU admission or in-hospital death related to Delta within 31–
60 days of receving the second dose. For Omicron BA.1, VE against
any hospitalization was 92% (95% CI: 59�99%) and was 94% (95%
CI: 9�100%) against ICU admission or in-hospital death related to
COVID-19 within the same vaccination time interval.

While vaccine-induced protection against both Delta-related
severe outcomes remained constant over time, estimates
D-19 disease, any hospitalization and severe hospitalization (ICU admission or in-
se among �50 years old individuals. D1 = first dose of vaccine; D2 = second dose of
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decreased over time against Omicron BA.1. Between 91 and
120 days following the second dose VE levels against Omicron
BA.1 were 78% (95% CI: 55�91%) against any hospitalization and
83% (95% CI: 30�98%) against ICU admission or in-hospital death.
The booster dose increased VE again to levels above 95% for both
outcomes related to Omicron BA.1 (Fig. 1 Table S1).
3.4. Vaccine effectiveness by age groups

Against Delta symptomatic infection, similar levels of protec-
tion were noted in both age groups but with significant waning
among �80 years old. Levels of protection within this age group
decreased from 86% (95% CI: 11%-100%) 8–30 days to 39% (95%
CI: 29�50%) at > 120 days post second dose whereas it decreased
from 86% (95% CI: 75�93%) at 8–30 days to 62% (59%-65%)
at > 120 days post second dose among 50–79 years old. The booster
dose increased VE to 95% (95% CI: 78�99%) among 50–79 years old
individuals and to 91% (95% CI: 48�99%) among �80 years old
individuals 8–60 days after vaccination (Tables S2 and S3).

The adjusted VE against Omicron BA.1-related symptomatic
infection in 50–79 years old was estimated at 71% (95% CI:
59�81%) 8–30 days following the second dose. This estimate
decreased to 19% (95% CI: 16�24%) > 120 days since vaccination
(Fig. 2). Among �80 years olds vaccine protection against the same
outcome was estimated at 51% (95% CI: 20�82%) at the same vac-
Fig. 2. Vaccine effectiveness (all mRNA vaccines combined) against symptomatic COVID
hospital deaths) according to the time since last vaccine dose and variant of infection a
vaccine.
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cination time interval and decreased to 26% (95% CI: 15�43%) past
120 days from receiving the second dose (Fig. 3). The booster dose
reinstaured protection levels against Omicron BA.1 to 63% (95% CI:
58�66%) in 50–79 years old and 67% (95% CI: 54�78%)
in �80 years old at 8–60 days following vaccination.

With regards to protection from severe outcomes, slower and
limited waning of protection was observed for the 50–79 years
old compared to the �80 years old. Among 50–79 years old, effec-
tiveness against Delta-related hospitalization outcomes remained
at levels above 90% over time; against Omicron BA.1-related any
hospitalization, it decreased to 87% (95% CI: 62�97%) > 120 days
post second dose. Among�80 years old vaccine-induced protection
against severe outcomes was also high across all vaccination time
intervals. In this age group, VE against Delta-related hospitalization
outcomes decreased to levels below 90%, from 61 days post vacci-
nation. Against Omicron-related hospitalization outcomes, the
levels of protection were also high but lower compared to Delta.
Still, limited waning of protection was observed in comparison to
the protection against symptomatic disease (Tables S2 and S3).
4. Discussion

Findings from this study confirmed high effectiveness of pri-
mary vaccination with two doses of mRNA COVID-19 vaccines
BNT162b2 Pfizer/BioNTech and mRNA-1273 Moderna against
-19 disease, any hospitalization and severe hospitalization (ICU admissions or in-
mong 50–79 years old individuals. D1 = first dose of vaccine; D2 = second dose of



Fig. 3. Vaccine effectiveness (all mRNA vaccines combined) against symptomatic COVID-19 disease, any hospitalization and severe hospitalization (ICU admissions or in-
hospital deaths) according to the time since last vaccine dose and variant of infection among individuals �80 years old. D1 = first dose of vaccine; D2 = second dose of vaccine.
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symptomatic SARS-CoV-2 infection in the population aged 50 years
and above. As documented in the literature [19,22,26], VE during
the Delta-dominant period was higher compared to the Omicron
BA.1-dominant period: two doses of either BNT162b2 Pfizer/BioN-
Tech or mRNA-1273 Moderna vaccines were 86% effective against
Delta symptomatic infection but were only 70% effective against
Omicron BA.1 symptomatic infection 8–30 days post second dose.

Several studies have described a drop over time of two-dose
vaccine effectiveness against SARS-CoV-2 symptomatic infection;
this decrease in protection was substantially higher against Omi-
cron BA.1 compared to Delta [3,8,12,19,26]. Similar patterns of
waning were observed in our study, with lower estimates of VE
against Omicron BA.1 than Delta at each studied interval after
the second dose. Certainly, waning of vaccine-induced immunity
was particularly marked against Omicron BA.1 for which effective-
ness against related symptomatic infection declined from 70% at
8–30 days to 20% >120 days following completion of the 2-dose
primary vaccination series. The decrease in protection against
Delta has been mainly attributed to a decay of vaccine-induced
neutralizing antibodies over time rather than an intrinsic capacity
of the Delta variant to escape immunity [27,28]. This is different
with Omicron BA.1 which possesses a greater capacity of immune
escape [29–31]; which when coupled to a decay of neutralizing
antibodies further reduces VE against this variant. Still, numerous
studies conducted during the Omicron BA.1 period have reported
an increase in VE against infection caused by this variant following
a booster dose [19,26,32–35]. Indeed in our study, VE increased to
63% against Omicron BA.1 in the two months (7–60 days) subse-
quent to a mRNA vaccine booster dose. These results further illus-
trate the significant impact of mRNA vaccine booster dose in
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restoring a high level of protection, particularly during the Omi-
cron BA.1-dominant period.

Our study also confirmed high protection against both Delta
and Omicron BA.1 variants-related hospitalizations provided by
mRNA vaccines. Our estimated VE against Delta-related hospital-
izations are comparable to results from a recent French observa-
tional study [23]. Bouillon and colleagues estimated an adjusted
VE of 89% (95% CI: 87�90%) provided by a two-dose BNT162b2
vaccination schedule following an infection during the Delta dom-
inant period in France. The adjusted VE with the mRNA-1273 vac-
cine was 95% (95% CI: 90�98%) [23]. Moreover, as observed in this
study, Castillo and colleagues noted that waning of protection fol-
lowing infection with Delta was less pronounced against COVID-19
related hospitalizations than against symptomatic infection [12].
Our study did not differentiate between the two vaccines brands,
as we focused on investigating the effectiveness of the vaccination
campaign using mRNA vaccines. Nevertheless our results were
comparable to those from studies in other countries [19,20,34].
In the USA, Lauring and colleagues estimated VE at 85% (95% CI:
83�87%) with 2 doses of any mRNA vaccine and 94% (95% CI:
92�95%) following the booster dose against Delta [20]. In the
Canadian study by Gram et al, protection induced by any mRNA
vaccine against COVID-19 hospitalization with Delta variant after
2 doses, among individuals aged 60 years or above, was estimated
at 87.5% (95% CI: 85.6�89.2%) >120 days since vaccination. Follow-
ing the booster dose, protection increased to 97.2% (95% CI:
94.6�98.5%) 14–30 days and 91.7% (95% CI: 78.7�96.7%) 61–
90 days since vaccination [34]. Point estimates of the adjusted VE
against Omicron BA.1 described in this study should be interpreted
with cautious due to the wide 95% confidence intervals.
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Throughout this fast-evolving COVID-19 pandemic the test-
negative design (TND) has been commonly used to evaluate real-
world vaccine effectiveness of COVID-19 vaccines. This study
design offers the ability (1) to select individuals (cases and con-
trols) with symptoms suggestive of COVID-19 who present at a
health-care facility for diagnostic testing thereby reducing selec-
tion bias and other confounding biases associated with health-
care seeking behaviours. The TND also enables to monitor waning
of VE over time and to assess the performance of these vaccines
against new viral strains; two very pertinent aspects of the
COVID-19 pandemic that we could evaluate in this study. As with
any case-control study, minimizing false-positive and false-
negative results was crucial; thus, cautions was taken in the selec-
tion of cases (confirmed PCR positive test within seven days fol-
lowing the onset of symptoms or <10 days after a positive
antigenic test performed within seven days after the onset of
symptoms) and controls (exclusion of negative antigenic tests
without follow-up negative PCR confirmed test and negative PCR
tests performed more than seven days from the onsets of symp-
toms). The exhaustiveness of the databases used and being able
to link data at an individual level across these databases provided
us with the ability to investigate vaccine effectiveness at a popula-
tion level. Other advantages of using these databases were the abil-
ity (1) to differentiate between individuals hospitalized for COVID-
19 and those hospitalized for other medical conditions and
infected with COVID-19 (the former were selected for our analy-
sis), and (2) to identify and exclude immunocompromised individ-
uals from the study.

Nonetheless, the study also bears some limitations inherent to
its observational nature, which may have limited our consideration
of the difference in the risks of infection between vaccinated and
unvaccinated individuals [36]. Indeed cases and controls were
matched according to the week of testing to ensure that both
groups of individuals were exposed to a similar virus circulation;
and age which is an important factor in the risk of infection. Other
factors such as diagnostic testing frequency between the two
groups may still have confounded our estimates. For instance
health-conscious vaccinated individuals may test more frequently
(at the onset of slight symptoms related to COVID-19) and there-
fore be more likely to document an infection. Conversely being
vaccinated may lead to changes in behaviours such as less diagnos-
tic testing in case of symptoms or less adherence to protective bar-
riers. We were unable to control for previous laboratory-confirmed
infections due to technical difficulties in creating the unique iden-
tifier in the SI-DEP database in 2020. This could have led to an
underestimation of VE if individuals with knowledge of a previous
infection have been less prone to get vaccinated. However, this sit-
uation is likely to be marginal, due to (1) the exclusion in our study
of individuals who had received only one vaccine dose as a com-
plete primary vaccination, in presence of a history of documented
previous infection and (2) the requisite, in France, of a 2-doses pri-
mary vaccination for all social activities, in absence of a docu-
mented previous infection. Furthermore, differences in socio-
demographics may have potentially influenced access to vaccine
and the decision to be vaccinated among individuals – socially dis-
advantaged individuals are less likely to be vaccinated and may be
more exposed for example in a professional context or due to living
conditions [23]. To minimize this bias, cases and controls were also
matched according to a fine geographical level (>1250 adminitra-
tive units) which served as a proxy of socio-economic status and
to ensure comparable exposition to vaccination and different levels
of virus circulation. Additionally, all models performed were
adjusted for other potential confounders such as sex (male sex
has been associated with higher morbidity and mortality related
to COVID-19 disease), and type of residence (individual housing
versus housing in long-term care facilities which is likely related
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to both individual vaccination status and level of exposition to
the virus). The presence of comorbidities was also considered, in
the study, as a potential confounder; risky behaviors, the risk of
severe COVID-19 disease, as well as the decision to get vaccinated
may differed between individuals with and without these comor-
bidities. Another limitation, common to almost all COVID-19 VE
studies assessing duration of protection, is linked to a higher deple-
tion of susceptible individuals, through undocumented asymp-
tomatic infections, among the unvaccinated as compared to the
vaccinated individuals. This may lead to underestimate the resid-
ual vaccine-induced protection when moving away from vaccina-
tion [37]. However, this bias is likely to be limited in our study
due the low proportion of asymptomatic infections in the studied
age groups.

5. Conclusion

This study confirmed the high effectiveness of original mRNA
vaccines used in France against both symptomatic SARS-CoV-2
infection and severe complications related to COVID-19 disease
among immunocompetent adults aged �50 years old. In contrast
to the high levels of protection induced by complete 2-dose pri-
mary vaccination against Delta, protection against Omicron BA.1
remained however modest and short-term. A booster dose restored
protection against Omicron BA.1 symptomatic infection for at least
two months and induced very high protection against severe out-
comes caused by both variants.
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